Abstract|An all-link line symmetrical condensed node capable of modelling of inhomogeneous materials is described. It is shown that it has signi cant advantages in storage and run time over the conventional stub-loaded symmetrical condensed node.
I. Introduction F OR many years the basis of the Transmission-Line Modelling (TLM) method has been the Symmetrical Condensed Node (SCN) 1]. The basic 12-port SCN structure is augmented by three capacitive and three inductive stubs to model non-uniform electric (") and magnetic ( ) properties. The rationale behind using stubs is that the same space and time steps are used throughout the mesh irrespective of the material properties. There are however disadvantages in this approach in more dispersion and increased storage because another six storage locations are required per node.
In a development of the SCN referred to as the Hybrid Symmetrical Condensed Node (HSCN) only three capacitive stubs are introduced because the magnetic properties of the medium are fully described by the 12 link lines 2]. This is achieved by allowing the characteristic impedances of the 12 link lines to be di erent from each other. In fact, three di erent values of characteristic impedance are necessary to describe a general problem with the HSCN. This structure has advantages over the standard SCN with six stubs, of reduced storage and lower dispersion 2].
In this Letter a development of the SCN to remove stubs altogether is described. Results are presented showing the accuracy and the reductions in run time and storage achieved by using the new node which we refer to as the Symmetrical Super-Condensed Node (SSCN).
II. Theoretical Development of the SSCN For simplicity, the new node is described for a regular mesh modelling inhomogeneous space although it can be readily generalized to incorporate variable node dimensions within the mesh. In the SSCN two characteristic impedances Z n and Z p are de ned at each node and are selected so that the required inductances and capacitances are correctly modelled. Calculation of these impedances is carried out by reference to Fig. 1 showing the basic 12-port node. Pulses at each port are labelled using three subscripts which describe in succession the direction of propagation, position relative to the centre of the node and Authors are with the Department of Electrical and Electronic Engineering, University of Nottingham, NG7 2RD Nottingham, UK. E-mail: vmt@eee.nott.ac.uk. Because four half link lines are modelling capacitance in the x direction, and if the per-unit length line parameters for y-directed x-polarised lines are L n ,C n and for z-directed x-polarised lines L p and C p , the total modelled capacitance is C x = " l = (2C n + 2C p ) l=2 (1) A similar expression is obtained for the x-directed inductance L x = l = (2L n + 2L p ) l=2 (2) It follows from these equations that C n + C p = " and L n + L p = . To maintain synchronism the following expression must be satis ed 1=
p L p C p where L 0 ,C 0 are the parameters of the background medium ( 0 ; " 0 ).
Combining the expressions for the sum of capacitances and inductances with eqn. (3) and making use of the relations " = " 0 " r and = 0 r , gives after some manipulation C n C p + C p C n = 4" r r ? 2 (4) . Coding the same problem using the standard SCN and the new SSCN results in 54 additions and 12 multiplications in the former case, and 48 additions and 6 multiplications per node in the latter case. Also storage is reduced from 18 to 12 quantities per node.
III. Results obtained using the SSCN
To test the new node the rst two resonances in a 1m 3 air-lled cavity were obtained using various nodal structures and results are reported in Table I . The modelling of this problem does not normally require stubs. To test the various nodes however some stubs were introduced, by assuming that the link-lines describe the properties of a hypothetical background medium " r0 = 0:5. Fig. 2 shows the rst two resonances calculated for a cavity half lled with a medium of properties " r = r = 2. Results obtained by using the stub-loaded SCN and the new SSCN agree well.
The computational requirements relative to the stubloaded SCN are shown in Table II . It is clear that the new node o ers signi cant advantages in storage and run-time. A novel nodal structure for TLM has been developed capable of modelling non-uniform media without the use of stubs. The new node has substantial computational advantages compared to nodes currently used for TLM modelling.
